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^ D <h§: f-f}-^- ^<££. ^ 3. afla^ {NUCLEAR FUEL BODY INCLUDING TUNGSTEN 
NETWORK AND METHOD OF MANUFACTURING THE SAME} 

"1. 

£5^^ tf^^H ^lti] ^11- 71*11 £^7HH 1*1 e^H £<H*l 3 
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s^g. ^\»6\] nj- ^Efll- ^lsH ^7) "cH ^Sfl vfl*f^ ^ JEfe 



<7> 



rod)# ^la^ji, <as-S-# 7fl^ SrM^ 

^# J-=tt ^zh^ #^£4. 



<8> ^<S5L^ ^3 AS oj-g- 7 }^*V ^<gs #^<y -fa}-£-( Uranium, U), 



(Plutonium, Pu) SE^- £f-(Thor ium, Th) ^ W^-fr 5Efe ^OT ^ ^ 



^1^^ ^ *tis^ cfl^ oi^sj-f hi- 

^•(U0 2 )# ^1~§-*M, U02 6 !) Pu, Th, Gd^l 4€- ef4 ^7>^ 

^ (U,Pu)0 2 , (U,Th)0 2 , (U,Gd)0 2 , (U,Pu,Gd)0 2 £tt (U,Th,Pu)0 2 7} 
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1020020074805 #^ <U*}: 2003/9/16 

o> 7K V 13 *IS3.Sr -fer^^i- -f^w^i" 

(slug)l- ^ll^ji, >g-7l ^EiZLl- 441*H ^(granule)-!- ^l^tf. 4^) o.^- 

^l* ^7>-^f-$l-ji ^$«H ^ 50 % TD(^1^^£)1- ^*ll(green pellet)* 
^ ^7l ^$*q« 71^1 £^7H^ 7><i5H 1600~1800°C ££3 2-4 Al# -^0} 

95 o]&|^. dl^^S] nl^ S 3l £ lofl ^Ej-ufl 44 ^ £ ^ 

£ 44^ s^s] (grain) A3. t^^M ^ 3^7]^ 3~20jtmi o}t±. 

10 (U,Pu)0 2 (U,Th)0 2 £l*Hb Hl^r -feR? 

^# S-lH * -fel-B- ^isl-l- ^li^M ^l^H, 7 r <3^^ 

£3.$! (U,Gd)0 2 £^1^ 7>l-elu)o> aj.^ y^-g. -f e^AVsH- £iH £W ^ -f eHr. 

afl-H Nb, Ti, Si, Mg £ A13 ^Vs}-# -fe^^l-'H] ^7HH 4 

n> U0 2 ^ -g--fr3°l feJi ^4t=^t ^t-S-ol #3 ^^^l l££ 'ie) A>-g-s]ji 

$1SL^, U0 2 *fl3.fe A>-g-^£ >3$HH ^^££7> 2-5 W/m K3.Ai Aj-c^j £t}^ % 

*1 £ Til 3° 3, i^^f iCf ufl o- ^ ^-5.1- ^"7)1 ^4. i^^Sl £51^ 

°1 7K V £jL JE^l 7H V dt£*1| 5^4 f^££^ *}o]± 1^££ofl aj-a] 
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^-SSL-S^H ±4.^1 f^-E^r 1000- 1500 °C "g^H flai, *}JL A]o\}^ \jo 2 $] oj 
2800 °C J±4 $14. 

jl n^A] 7flS.^^-ol T^fsH, ^1 <$^7\ ^4^^Mf- aj^ x ^>7> ^^4. M 
*fl7> ^£ ^-Eflofl flo^ <^&| 7H> ^S^l^H tf^HH tfl* ^ ^(margin) # 

«M f4jf£7} uo 2 -§-§-^^.4 ^544. ^1^* H o^l*l-7l #^1 

#■8; 7}t}7\) E|£i #^ ^ ^7} &7fl £4. 

<i3> (U,Pu)0 2 , (U,Gd)0 2 £tt (U,Th)0 2 fe U0 2 ^.4 £*l££7} 4M4 3-£°14. 
(U,Gd)0 2 xr 1^£H7> U0 2 ^1 «W1 SM "g<H*lHS, xflJl ^4^ 

(U,Gd)0 2 ±^7} U0 2 dt^^a.4 nfl^- ^o}7]7\) ^4. o^-fr w o V^s>7l 

(u,Gd)0 2 ±4.nq t^-fr 4sM 3*0 3 £-3. £^o| £4. 



5S4. 
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<16> B-^o. ^^ 7 ] 



<17> 



£ ^ n <M- ^-B-tb ^iLi^l ^ ^3 ^s^-i- *fl^4. 



<18> ^-g- cJ^L ^^*VCf. 

<19> £ #; go} l*j^4 E^^^] ^^o.^ o)^o]*\ *J)<gj. if-t!- 

cf. f*ll3 ^^.i^l^ ^<3£. f-^ A H°fl <£%s\°\ 

fit 2 fe). 



<20> 



2«flAi iLfe 44 ^o], Bj^^j ^n o i-ol -f^^l- ^^(grain) *H( 



<*t*- ^1 2^ ^V^l^l 



1=1 -1 



ol fe ^flo} £-4 Ej^^jl ^nj-ol 4^5>7fl ^Ajs]ig 4^ o>ofl 

t> 4^13 37l^ 1^ H714 ^^l^>7fl £4. 
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<21> 



^^S. M4 3L7]*= Sl«JH ^-§1 ^<g£. 



|7Wf 37>*M3 ^^o) ^t)?)) £4. ^7H]5.^ Nb, Ti, Al, Si, Mg4 >i+3H-§- 4 

^°114 5-500 im 44*1 ^r^Sl 5-500 /m 3.7)%; 

«4 ^-7)1^ 24^3-^- 0.1-20 jam cl 4^444. 



<22> 



4, 13 H 4°1 ^7>Al7l^ ^€ c$ 0 ) 444 ^7>44. Bj^^l <#oj 



# 7}^ #^45.5. ^<&g-°} 44. °H, 7>^t!r 4 4^ 

43 4-§-4£4 ^o)^ ^joi ^^^oirf. a. ^oflA-l *J)<£|i^;i*ii vfl 

^ E j] 0.2-50 f^%<>l 442)44. 

<23> 3400t^ZL -f 4^441-4 -g~§-^£ 2800T;°14. -§~g-^ 0 l 

^71 nfl^ofl 4^ ^iLS4, ^31^ -§-§-^# HTfl ^4^4 ^ >g$HH E j^3Hl 4 



$±7} 4 10 °14°fl4 ^7>- 



<24> 



£ 1^14 4^4^ ^s^^ ^<as #44 ^43^ ^ 



°1 SU, #7l ^<£ji -f4-H-44#<>144 SE^ 4^441- °ll 7l-l-elu|-g- 44#, # 



44#, 44# #4 §1-4 °14°1 1-4<>14. 4 -SNs. <£144 



444 Ol O.^ E^^O. ^^££3] 5.3.7} £14 £.*»H 44- £ ^ 



°114fe °J4 4fe £44 ^ig-g- Hfl^si-ji, *%+®o) 444 3* °- 



44. 
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^ 2003/9/16 



Id fcJ 



^^H, S.^- fJ-^S S^^M &7l nfl^-ol] 



^31^ l^icl^r ^-e]-^5l-l-^4 ^ 25«fl 3.7) nfl^-oll *ll^Hr ^1^1 



4€- 1°1 ^ 



Ai ^^^o] 7>^H, I^slhi- -R-*m ^ &4. 



<27> 



31^ <8«H*1£- t^d££7} feoHES ^fi^^lJ^Tr f^AS «t^££7> ^ 



%(ring)4 ^(cylinder)-g- ^^Hl 1 ?}- ^€ -^ D <M- f-B-^i <^Jf ^ofl^ 



SO 5E 7]-^}4. 
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<28> 



E ti^cce]^ ^oil-^- tM|*Ul $Ur*H, £ ^gfl] e^^i f-o*> n<&£- 

c-1 ^ff^lJl ^Sl7\ <S<^.£ i^^lS] #cfl3°-5. ^-8: ^7fl «tol- ^<gs 



<30> ^•^ll^O.S., 

<31> «^oj} E^^l £ ^ e^^] A>sj.o.^ ^ 7 |. ^e><^ ^S}^- £ 

31 (£31 1), 

<32> ^<^a] «g-^$«H ^$*D* 3lS*}7l4 £^ £^-£^4 £ 

^oj <$qo\) ^^^11- *fl2:*Rr #7]1(£31 2), 

<33> Aj- 7l A^^ QQ^ 7 )t!\ £$]7)°\}*\ i^^ll- ^SRr #31 (£31 3), 

<34> Aj- 7 ] ojlwl^^^l- A>5|.AJ 7 1^ -£^7HH 7}^t}<^ ^ *Rr 

£31 (£31 4), ^ 

<35> Aj-7i onAj-o o v ol ofltil^^l-I- #^^71^1 -g-^HH 7>1§H i^(solid state) 

5] nV^. ^-o.^ ^Si^l-I- 42*}^ £31(£3l 5)3. ol^^l t^S,^^ *\] 
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<36> l£ *J|<g£. ^d\) 0.2~50 ^ JEfe ^-g- ^7>S> 

ji ^<5H W^-Sr ^istl-cf. Aj- 7 j *!)<g^. i-^^ -f eH^s^ SE^ -f^^l-Hl 7j- 
l-e]^^- tfsl-l-, s-f- ^sl-l- W 3 ^JSH, 

^ S^r 90 =§^% o)^<£ ^ 

<37> . #7fl 2^r #71 ^^^H ^M"t 41^4 #71 $^^4 n<££. 

Sr^l l7fl^ <>§*H ^^^11- 

<38> ^1 3£ #71 ^Mt- M^7l^ ^7loll^ 7><ieH ^1^1 413*11* *lla&5Hr 

3., 7>^-&£^ 1, 100-2, 000°C7> u^aI^, a o v 7 ] M ^ 7 j^ AVs).-^. Ej^o 

S. $€*M*r 7jO. S ^71^1- 4i5}7]L| ^±7)m M^l^l, ^S^, <^AV 

SM^, # 7fl £W 7^11- A>-g-*>r1-. 

<39> *j|o^ ^-^ol -f^A>3(.°.o^ ^ c. ( ^^oj ^.h - U02 nflE^iCmatrix)^ 

<40> #711 4^ Aj- 7 ] ^til^^^l- A>g).^ 7 l^ £<H7HH /fl^H ^l^l^] iflofl ^fl*Hr 

^^^l#5l-l-(W03)S #5fAl7lJ7 ^AHl B^^A^-o^ oHAj-^Kg. ^Aj^ ^Jl^, 

71-t^i^ 1 , 100-1 ,800 t°H, #7l #51-^71^1^ "*y± ^"-g- *)Ht!: 7]%]3.*\ 

£ E ^€^r f^3! #2># (W0 3 )S ^*>7fl 5}^ & °1#°W°> W. #71 ^ — 

*}7l 1^ 
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<41> [til^-Al i] 

■$W+ 0 2 (g) -* -| WJ 3 
W+ 0 2 (g) — WD 2 

<42> ^- 7 )^)A\ t z]- tiV-§-oj Gi55s ^ollui^(AG 0 (T))4 ^-g-^^ #31^ *}7) aV-g-Ai 

<43> [ti>-g-Al 2 ] 

AG°(T) = -RT In K = RT In P 02 

<44> Aj- 7 jAl °\) 

<45> AG°(T)fe ^i(Gibbs) *HH1M*1°H, 

<46> R.2. 71^)^0]^, 

<47> T ^ Itfl^ol^, 

<48> K ^ <£-g-^r°H, 

<49> P 0 2^ M^H» ^ol4. 



<50> 



Gibbs *KHlM*l(AG°(T))Tr 0 d^^.5. f-^S. RT In P 02 l" 

^ =r RT In P 02 ^--r^ ^^£°*M- £5^1 4^1 S. 4<Hl iAl^tf. 

^§£:E<HH l^e]^ nfl, £ 4ofl q-^vfl W21- W0 3 4°1 ^^av^w-oj- ^c|. 

£-°*h8: 5fe 71^11- Af-g-^ W0 3 1- <r 91^. W0 3 fe ^ 1480°C ££°1H 
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1480 °C °-^4 W0 3 # £^4. 4&H °1 t^el S^Hfe W0 3 7> -fe} 

^^1^ ^91^ <r &4CE 5 #2). 3E 5^^ £o] , rfz]-^ ^^s]. 



£3H 4°H W0 3 7l- 

^ ^ $14. 



<5i> *}-^ ; i4 80 °c ^^je W0 3 7> °15J1- 0 1 ^-S-sH (O. 



W0 3 ^^ 1^7)11- 44*1 ^3¥^^ ^^4^4. 4E|-Ai s 5 



<52> 



4 ^A}*1 £;g*|] <£ 71] 



^4 ^Tfl -g^l-Jl 1100°C <>l^-°5. ^ 7>^^. 

<53> #5^71*114 ^£0^ 2^Kr ^ o. olA>5|.^ g:- ^^711- Aj-g-^u]- 

0 li^^i4 ^^^-^5] £^4, ^7]9\ ^^"til, olA>5].^o] ^H], 

!-#^7]*)l ^4 a>^^ ^^-tiii- zixi-s}^ ^ #4 sfq- o^oi Aj~g.^c|.. 

£ft> ^fii^lt- 42i*}t= 7><i^^ 1,100-2,000^7} v}#z\is} 

MslJi 444 E ^ffl ^ n <M- t-B-tb ^<a£.^«-I- ^*>4. 

7l^l^-^7l^ ^^-^ 3E 4ofl 44^H W4 W0 2 ^^AV^u.^^ ^ ^ol 

^71, ^-c.sj ^^-7l^]7l- 
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±5-s}JL, BE^> #7] afl^^ -§--8-51-3 il^l «JJf ^^Itf slsel^ %S. 7>^5}cf. «H 
S, €^ 3. £1*11 4 ifl^Htf <8i<a 4Y ^(ringHl^r 

^ n oH ^fi^^ *ll££W<H]ol 7\^f>}t±. ?*||a}o.3. -fe(-^A>2f# g-ig- g -f 

*W ^l^aL, /an 3.7)$] 

^l^Jl, zJ-zJS] ^^>i ^^311- ^1^>J1, ^Hl^^^ll. 

<%°lo) *\q°XlL t #71 ^al^^^ll- £ ^4 Tfl^aj-^AS. ^5^71*11 ^7H]Ai f 
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<57> o}is} £ i£t$£. ^Al^ofl c)^. ^^^4. 

<59><^Al^l 1> 

<60> U0 2+x M (0/U «1= 2.12H1 E j^<i ^-g- 9 f>«$% ^7}Z\51 ^f-sH ^W&-^r ^ 

* £3-^-§- €^3 ^hgSKn. ^3^*1* >M-8-«H 3^ (t/cm 2 ) 

<£^# 7}^H 3Hr*l ^Ml- *ils*l-£4. 4^ i700°c ^7]^ -g-^HH 4 

*l#-§- 0 J *ll2:s>$4. £^7HH 1480°C 7} 

*1 7>^tl 1.5 -fM# * 4*1 T^M*fl £^7HH 1650 "C ££3. 2*1 # ^J*> 

<6i><^-^^ i> *]42iq ^ 

<62> Aj-7] ^A]6)| A-j 3] £ 3.^1*113 ^ S>7] ^ «H W 

ol-g-^Sa^, H ti#£ 200-500^3 *H ^^Rr £2, £ 3 ^ 2. 5<H| 44^fl& 

4. 

<63> £ 2 £ #7] W&O] ±%%]% ^^7]^1 £^7HH <i^ElsH 2<H 

c o v * ^-B-tl ^Jel^^-I- 44\B 3^3, ^jl^*^ vn^-^l 

'$14. 
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<64> 



<65> 



s £ 6 1-*1*1 #fe4. 

t§ Aj-ojofl W 0 3 7> 1- ^ flO.^, tij^oj i^^j iflJfofl 

* ° s v ^ sa4. 



<66> <^ofl 2> ^^fi^l^ll^ ^ 



<67> 



U0 2 ±« Sl IsKhEt- #*fl 



<68> .[je l] 





CO 


«S*K!:£. (x 10-6 nvVsec) 


(A/B) 


U0 2 (A) 


£t U0 2 
(B) 


22 


5.271 


3.617 


1.46 


200 


4.450 


2.772 


1.61 


400 


3.282 


1.945 


1.69 


600 


2.629 


1.487 


1.77 


800 


2.239 


1.238 


1.81 


1000 


1.978 


1.085 


1.82 


1200 


1.778 


. 0.956 


1.86 


1400 


1.619 


0.879 


1.84 
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<69> #71 s. 1°M *r Sa^l, ^-.^^ #4 ^rtF U0 2 ±^}s] 



U0 2 



31 tf*] M^KE?} 70-80% t t 



[^3] Ml 
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[^T 1 * 1] 

2] 
4] 

*)1 1%H] fl°H, *>M-Sl 3]^^- 5~500 w°)3-, #7] ^ 

S ¥^7} 0.1-20 jtfnSl ^-8: ^-^^.5. *fe ^^S-^i^^ll. 

5] 
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1020020074805 #3 <£z\: 2003/9/16 

I^lh 6] 

4 1%H1 91°]*], #7] ^<£5L #^o) xj-j^ a^ #> £f - * 

7] 

I^^t 8] 

I 

», 
\ 

*H 8%H1 5^1, a o i. 7 ] ^^u>ol ^^^Aj- ^afls] ^Aj £ ^ <qw. ^( r ing)oil 

10] 

1), 
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lH ^£sH ^7fls] <3*H afl^^ ^tg^fl-g. aflSSHr ^(^Tfl 2), 

-*7] ^^^11- M^7l^ll £^7HH 7>1*H ^€ ^^7> oflH] i^ll- 

*l|2:*fe ^7)1(^1 3), 

-8-71 4«l£3*H* ^sH^l £^7HH 7f<I*H ^^€^1-^1 ^^o V # ^*Kr 
#3l(#7fl 4), 

^ D o V # ^^.i^lf- *]]2:SRr ^^(^7^1 5) 91 3* ^J^^S] 

[^T 1 * HI 

*l) lO^Hl #7l #31 32] 7>1^£7l- 1100~2000°C 91 ^-fr ^'AS «j£ 

[^T 1 * 12] 
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13] 

*ll 10^1 $a°H. A oM #7fl 4^ 7><1^£7} 1100~1800°C^1 3# ^ «|£ 

14] 

15] 

*ll 101N ^oH, A o v 7l #3] 5^ 7><l^£7l- 1 100- 2000 °C91 ?}-g- ^8 tfc= *!j<S 
16] 

*fl #71 ^<3IL §fA AV^i-, f-^-S^ AVSl-i-, £# <L>« 
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* 

102' 



20020074805 
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[51 1] 



[5=31 




[51 2] 
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[5. 3] 




[H 4] 

1E-5 
1E-6 
1E-7 
^ 1E-8 
1E-9 
1E-10 
1E-11 
1E-12 
1E-13 
1E-14 



ZJ 

(/) 
(/) 
CD 



CD 



1E-15 



i — r 



t — r 



t — i — r 



7 T ! ! T 



.... 



• « 

.... 



2/3W+O i (g)=2/3W0 3 



✓ 



.... .i' .... 



W+0 2 (g)=W0 2 



-i L 



800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 



temperature (°Cj 
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